Pathology, London Hospital Medical College)
The mechanism of production of Sjogren's syndrome (of which an oral manifestation is commonly dryness of the mouth) has been tentatively linked with that of rheumatoid arthritis by Morgan (1954) and with that of a 'broader spectrum of auto-immune disease' by Bunim (1961) . The present work was designed to investigate the hypothesis that foci of lymphatic infiltration seen in salivary and lacrimal glands might be more common than was realized, that they might represent a focal form of Sj6gren's syndrome and that they might have the same associations with systemic disease entities as Sjogren's syndrome.
The problem was approached in two ways: (1) by examination of post-mortem material and (2) by experimental attempts to reproduce the lesions in two species of laboratory animal.
In regard to terminology: the view of Bunim (1961) that the term Sjogren's syndrome should be used in a comprehensive sense and should include 'Mikulicz's disease' is accepted. Focal adenitis of salivary and lacrimal glands will be defined as chronic inflammation of these glands apparently unconnected, at least until late in the process, with suppuration or duct obstruction and manifested by the presence of microscopical foci of lymphocytes, histiocytes and a few plasma cells, usually in association with small veins. Gland lobules, whether containing otherwise acceptable foci or not, in which polymorphonuclear leucocytes were found in any site outside blood vessels or in which there was any duct dilatation were specifically excluded from consideration.
Materials and Methods
Macroscopical and microscopical examination of a submandibular, a parotid and a lacrimal gland "The work reported in this paper forms part of that approved by the University of London for the award ofthe MD degree from 239 subjects undergoing autopsy in the Bernhard Baron Institute of Pathology, London Hospital, and of the submandibular and parotid salivary glands from 21 coroner's autopsy subjects who had died 'sudden' deaths was carried out. The glands were dissected free and one half of each fixed in 10% neutral formal saline, embedded in paraffin wax, and sectioned by standard techniques.
Lymphocytes present in the glands as part of 'anatomical' (see Discussion, p 916) or neoplastic aggregates or of infiltrations associated with suppuration were excluded; the incidence of foci of lymphocytes and histiocytes in large representative sections of the glands was expressed quantitatively. This allowed prevalence by sex and age, distribution between glands and the associations with other pathological conditions to be assessed. Only glands containing at least 2 foci, each of at least 50 cells, in a representative section were considered to show evidence of focal adenitis. The application of the criteria listed in Table 1 led to the exclusion from the series of thirteen subjects from the 239 examined.
The degree of involvement of a section was assessed quantitatively as follows: Histological sections were examined under x 50 diameters magnification and the number of foci of lymphocytes and histiocytes comprising more than 50 cells counted. The area of the section was then measured with calipers, and the number of foci replaced in a section expressed arithmetically as a count per standard size section (4 sq. cm for salivary, and I sq. cm for lacrimal glands, in adults, and proportionately for children). Eac'. gland was graded as detailcd in Table 2 .
The grading of the worst gland of an individual was termzd the 'summary grade' of that individual, or alternatively he was described as being in e.g. 'summary grade 2'.
The ABO groups of all patients in the hospital autopsy series with moderate or severe focal adenitis (grades 2-4), whose blood had been grouped, wcre extracted from their records and the prevalenc: of focal adenitis in them compared with that in sex-paired subjects from the same autopsy series whose glands were free from focal adenitis.
The submandibular and parotid glands of 21 coroner's autopsy subjects, aged between 8 months and 83 years who had died 'sudden' deaths, were examined in order to exclude the possibility that focal adenitis found in the hospital autopsy subj:cts might be a terminal phenomenon resulting from a somewhat slow death. It seemed conceivable that, for instance, a latent virus infiction might become active terminally. Of the 21, all had died from a cause of death which had not, it was considered, operated for more than forty-eight hours and were free from significant systemic disease.
In order to establish the significance of.differences between prevalences in different groups, a X'-test using throughout Yates's correction for small samples, or the Mann-Whitney U-test, has been used. The Mann-Whitney U-test incorporates the conczpt of ranking and thus takes into consid2ration the degree to which a trend exists consistently throughout a set of data. Both these tests have the advantage that they are nonparametric and therefore no assumption as to the normality of a distribution needs to be made when they are used. In addition, preliminary experiments to produce comiparable lesions in two species of experimental animal by sensitization using freeze-dried saline extracts of homologous salivary and lacrimal glands homogenized with Freund's complete adjuvant were carried out.
Freund's complete adjuvant, comprising a mineral oil, an emulsifying agent and killed myco- bacteria, is to be regarded as an experimental aid in causing on animal to make autoantibodiesthat is, antibodies that would react equally well against the tissues of its own body as against foreign antigens.
In the course of these experiments the prevalence of spontaneous focal adenitis in the salivary and lacrimal glands of the albino rat and guineapig was determined in healthy untreated animals. It was also determined in those rcceiving injections intradermally either of gland extract plus Freund's complete adjuvant, or of Freund's complete adjuvant plus physiological saline. The gland extracts were made from salivary and lacrimal glands dissected from healthy untreated animals in each case of the same species as the future rccipients. The glands were either used immediately or stored at -20°C until required. They were minced finely, extracted in chilled saline and the extract either used at once, or dialysed, freezedried and stored in a desiccator at -20°C until used. Injcctions were made intradermally on each injcction day in multiple separate sites of the skin of the back near the tail and/or footpad. The effect of different injection schedules involving weekly or monthly injections over periods of time ranging from two weeks to eight months, and of using extracts from single gland types or various combinations of gland types was investigated.
At the end of each experiment the animals were killed by ether and the organs of the mouth, neck and thoracic and abdominal cavities examined.
The salivary and lacrimal glands were dissected out, bisected and placed in chilled 10% neutral formal saline. Samples were removed from the skin granulomas and regional lymph nodes of the cervical and inguinal regions also. From a proportion of the animals, specimens were taken also from the thyroid, liver, pancreas, ovary, spleen and adrenal gland. Tissues were embedded in paraffin and sections cut at 5j. using standard techniques. A skin sensitivity test, a prccipitin test and a fluorescent antibody technique were used to investigate the immunological state of some of the guinea-pigs in the experiments. In these experiments the criteria for inclusion of a gland and of an animal in the rat and guinea-pig experimental series were similar to those used in humans, and the method of grading glands was also similar.
RESLTS
Naked eye and microscopical appearances of normal glands and of those affected with focal adenitis: None of the submandibular, parotid or lacrimal glands admitted to the series after the application of the criteria listed in Table I had a macroscopical appearance deviating from the normal, i.e. the cut surface showcd a regular lobular pattern and had a fleshy consistency.
The microscopical appearances of the sub. mandibular gland are illustrated in Figs 1, 2, 3. The normal submandibular gland ( Fig I) is a compound tubulo-alveolar gland containing both mucous and serous acinar cells. The connective tissue surrounding ducts and blood vessels was free from aggregates of lymphocytes. Although lymph nodes constantly lay on the surface of the submandibular gland none were found within the gland substance, but were, however, an almost constant finding inside the parotid gland. The foci (considering only those containing more than fifty cells) consisted (Fig 2) of aggregates of lymphocytes and histiocytes with a few plasma cells peripherally. Larger foci became confluent and, in glands containing many areas of infiltration, much destruction of gland parenchyma was apparent (Fig 3) . Lymphocytes of the foci appeared to have infiltrated between, and then to have entered, the acinar cells at the edge of a focus, which suffered the loss of their serozymogenic granules and, apparently, the continuity of their basal membrane. Hyperplasia of the epithelium lining ducts in relation to large foci was commonly seen.
Human Autopsy Data
The results of analysis of the human autopsy material are presented in Figs4-8 and Tables 3 and   4 . The types of statistical test used in the present work to establish the significance of differences or correlations between prevalences in diffcrent groups of subjccts or glands, which were apparent from the diagram and tables, have been considered above (see 'Materials andMethods', p 91 1).
Overall figures for the prevalenrce of focal adenitis, as measured in the way described above, in the most severely affected gland out of the submandibular, parotid and lacrimal glands of each Table 3 Focal salivary and lacrimal adenitis Tables 3 and 4 . The block diagrams shown in Figs 4 and 5 illustrate the prevalence in age groups of focal adenitis in each sex. When considered both together and singly, they indicate a higher prevalence in women than in men, and in women over 45 years than in other subjects. The significance of these differences was confirmed in statistical analysis by X2-tests, applying Yates's correction for small samples throughout. Analysis of the distribution in groups within the series when all degrees of focal adenitis including slight were considered, showed that the prevalence was highly significantly greater (P<0001) in women of all ages than in men and higher in women over 45 years -than in all other subjects. The prevalence in women of 45 and above was higher than in younger women. This difference was significant at *the 5% level (Mann-Whitney U-test).
When figures for moderate or severe grades were analysed, the same relationships -emerged. Once again women were seen to be significantly more commonly affected (P <0-01) than all other subjects. Women of 45 and over were significantly more commonly involved than younger women at the 5% level (Mann-Whitney U-test).
In the submandibular, parotid and lacrimal glands considered separately the prevalence of focal adenitis of all grades for male and female subjects is illustrated in Figs 6 and 7. The degree of involvement on the scale from 0 to 4 shown by each subject in at least one gland, i.e. the grading of his most severely affected gland, is indicated as the 'summary grade'. It will be noted that the trend of prevalence with advancing age in each gland closely resembles that in each of the other -glands and in the worst gland of each individual ('summary') as evidenced by the similar shape of each curve in both diagrams.
Because the submandibular and lacrimal glands 28 were all quite free from any 'anatomical' lymphoid tissue such as occurs in the parotid gland (see Discussion, p 917) , detailed analysis of the results of these two glands will now be presented. A contingency table showing the distribution of focal adenitis of different grades between the submandibular and lacrimal glands was constructed, and the correlation coefficient (r) between the prevalence in the submandibular gland and the prevalence in the lacrimal gland for each grade of severity, was calculated. The value of r =0 45, and a X2-test using Yates's correction showed X2= 57-20, 9 d.f., P<00O01. EikQr st4p high numbers there can be little doub$;I'tt4sociation and it may therefore be said that either the submandibular or the lacrimal gland maybe accepted as a very good indicator of the degree of involvement of the other two'glands. The results of considering only the submandibular gland from each subject will now be presented. Clearly a great economy of research time would result if from a subject one gland instead of three could be scrutinized and-from it approximately the same assessmnent of the subject made as would have been obtained from the consideration of all three glands from that subject. The scrutiny of only the submandibular gland would have caused only 27 subjects with grade 1 (slight) focal adenitis to be missed, only 6 subjects (3%.) with gr'ade 2 (moderate) focal adenitis, and none from grades 3 or 4 (severe).
Although the number of subjects whose blood group was known in the present series is small it is considered desirable to present the results obtained, for the reason that a difference marked enough to be statistically significant in a small group is indicated. Moreover the presentation of the results of analysing a small series, when they support an apparently original hypothesis, might enable them to be considered by other workers in combination with figures from other sources. It must naturally be emphasized that isolated find- ings (even based on large numbers) which' are unsupported by other series or by associations in similar diseases must await confirmation, as was pointed out by Edwards (1962) . The prevalence of focal adenitis in the 28 subjects in whom adenitis grade 2 to 4 had been found, and whose ABO blood group was known, was compared with that in a sex-paired group consisting of subjects in sequence within the hospital autopsy series and free from 'focal adenitis.
The results of the analysis of this (small) sample indicate a tendency for Group 0 and freedom from focal adenitis to be associated which is significant at the 5% level (x2=53, 1 d.f., P<005) using Yates's correction for small numbers. That is to say, the indication is that group 0 was less frequent in subjects with moderate or severe focal adenitis in at least one gland than in subjects free from focal adenitis. Thus, group 0 has been tentatively associated with a freedom from focal adenitis. Larger samples, which it is planned to obtain in the future, are required to investigate a possible association between the positive finding of moderate or severe focal adenitis and the individual groups A, B and AB. Fig 8 shows the expected and observed prevalence of focal adenitis of salivary and lacrimal glands in subjects of the hospital autopsy series suffering from rheumatoid arthritis. The 'expected' figures were derived from that percentage of the total series who conformed to the description given for each column. The observed prevalence was higher than expected but the numbers were too small, in each group considered singly, for statistical analysis and no firm conclusions could be drawn. However, there appeared to be a consistent tendency for the incidence of slight' and also of more marked degrees of focal adenitis to be increased in subjects with rheumatoid arthritis, and a similar association for subjects with amyloidosis. The prevalence of focal adenitis in the coroner's autopsy group, which had died a 'sudden' death and that in the hospital autopsy group were compared in order to test 'the hypothesis that focal adenitis was a terminal event in a slow death. If this were so, then the prevalence in the coroner's group would be lower than in the hospital REIIMATG1G ARTHRITIS 9 915 autopsy group. It was in fact, even slightly higher in the coroner's than in the hospital group. Statistical analysis showed that there was no significant difference in the distribution of the two samples (X2=087, 1 d.f., 0 4>P>0-3) with
Yates's correction for small samples. The results therefore gave no support for a hypothesis that focal adenitis was a terminal phenomenon in persons dying slowly.
Rat and Guinea-pig Pilot Experiments
Only animals which were healthy throughout life w3re included in the uninjected normal control series in these experiments. These animals had healthy cervical, thoracic and abdominal organs at autopsy. The histological appearances of the foci in the glands of the control rats and guineapigs (when foci were present) and in the experimental rats and guinea-pigs (Fig 9) were similar to those of small foci in human subjects. Potential differences between experimental and control animals lay in the numbers of foci present. Foci comprised aggregates of lymphocytes and histiocytes (by arbitrary definition only aggregates containing more than 50 cells were considered as foci).
The histological results from the rat and guineapig experiments are summarized in Table 5 and those of the guinea-pig experiments illustrated in Fig 10. Of interest are the presence of foci in some glands of a few of the untreated control animals, and of those animals receiving Freund's complete adjuvant alone, and in a numerically bigger fraction of those receiving Freund's complete adjuvant plus gland extract. Of these findings the first two are what would be expected. Numbers are too small for firm conclusions to be drawn although the contrast between the absence of foci in the submandibular glands of the untreated control guinea-pigs and their presence in the submandibular glands of 5 out of 7 of the animals (7) Parotid 0(37) 0(3) 0(7) Orbital lacrimal 0(36) 0(3) 43 (7) Harderian lacrimal 35 (37) 0(3) 86 (7) *The total number of animals in each group in whom the glanc naimed was available is shown in brackets after the percentage value injected with gland extract plus Freund's complete adjuvant (Fig 10) is of great interest. The investigation of the immunological state of some of the guinea-pigs in the experiments by a skin sensitivity test, a double diffusion gel precipitation test and a fluorescent antibody technique, using each an;imal's own serum and a rabbit antiguinea-pig serum conjugated with fluoresoein isothiocyanate, did not provide firm evidence of sensitization.
DISCUSSION
Human autopsy material: The distinction between the findings and their interpretation is important.
The findings were that microscopic foci of lymphocytes and histiocytes containing more than 50 cells occurred in salivary and lacrimal glands- These glands were free from acute inflammation or evidence of duct obstruction, and, in the case of the submandibular and lacrimal glands, free from 'anatomical' lymphocytes. Larger foci became confluent and gland acini were involved and replaced. The large foci did not merge into lymphoid tissue or lymph nodes, which were quite absent, as has been stated, within submandibular and lacrimal glands. Foci occurred more often in the glands of women than men and in those of women over 45 than in younger women. The prevalence in a small series of coroner's autopsy subjects who had died 'sudden' deaths was similar. The degree to which the submandibular, parotid and lacrimal glands were involved corresponded well. These findings are, it is felt, by reason of the degree to which it has been possible to introduce quantitative and statistical methods into the analysis, free from the element of controversy and hypothesis which may attach to their interpretation. When their interpretation is considered, pointers are found which suggest an autoimmune basis for some if not all of the foci, and the evidence for this will now be considered.
The grounds for suggesting an autoimmune basis for focal adenitis of salivary and lacrimal glands are several but it must be stressed that in sum they amount to nothing more than an indication of the possibility. The histological appearances, merging as they do into Sjogren's syndrome and resembling focal thyroiditis, the uniformity of involvement between the salivary and lacrimal glands, the sex and age findings, in that women over 45 years are most commonly involved, as in Sjogren's syndrome and Hashimoto's thyroiditis, and the indication of an association with rheumatoid arthritis and amyloidosis can all be quoted. Moreover the evidence mentioned for regarding Sjogren's syndrome as part of the broad spectrum of immune diseases, that is, the finding of antinuclear factor and rheumatoid factor in the serum of Sjogren's patients, together with the production of experimental autoantibodies to rabbit submandibular by Beutner and co-workers in 1961 and the demonstration of antibodies to salivary and lacrimal glands in some patients with Sj6gren's syndrome in 1958 by Jones, means that the possibility of an immune basis for focal adenitis is increased. The histological findings of parenchymal loss and focal infiltration with lymphocytes in relationship to small veins of this focal adenitis are seen also in many diseases known or suspected to have an autoimmune basis. Such diseases include chronic thyroiditis, some examples of Addison's disease, pernicious anmemia and certain types of cirrhosis, as was pointed out by Williams & Doniach in 1962. The various other factors which could contribute lymphocytes or similar cells to the salivary glands may now be considered. The headings which might be called 'anatomical', 'neoplastic' or 'infective' have been mentioned. Briefly the findings of the lymphocytes are unlikely to be explicable on anatomical grounds since, as Denz (1947) showed, the lymphoid tissue of the body, reaches maximum development at about puberty and thereafter declines, which finding contrasts sharply with the prevalence of focal adenitis in corresponding age and sex groups. Undiagnosed lymphocytic neoplasms are not common. Lymphocytes indicating infection are unlikely to account for the findings since all lobules showing duct dilatation or extravascular polymorphonuclear leucocytes were excluded. Viruses in general produce an acute febrile illness and after a period none of the histological evidence of a virus infection is to be found.
The characteristic histology of salivary gland virus infection was not seen in any subject. Thus, although it is not possible on histological grounds completely to exclude infection as a possible cause of some of the foci, there is no positive evidence to counterbalance that already adduced, which argues against infection as a significant factor. The animal experiments: The object of these pilot experiments was to determine whether it was possible to immunize an experimental animal by intradermal injections of freeze-dried saline extracts of salivary and lacrimal glands. The production of autoantibodies to submandibular gland in rabbit had been reported by Beutner et al. (1961) but no report has been found of significant histological changes in these glands.
A slight degree of focal adenitis was found to be present in a small proportion of uninjected control rats and guinea-pigs, and injection of Freund's complete adjuvant with physiological saline produced lesions in a slightly larger proportion Qf the rats. This means that proof, that the number of lesions found in the experimental animals represents a significant experimental increase, can only be statistical. The establishment of the significance of a small difference involves the use of a large number of experimental animals and, in this situation, a desirable approach after preliminary experiments such as these is to take steps to increase the magnitude of the experimentally induced change, if that is possible.
The results of investigation of the immunological state of certain of the control and experimental guinea-pigs cannot satisfactorily be condensed into a few sentences. With the fluorescent antibody technique evidence of two antigen-antibody reactions was obtained but these were probably incidental to the main hypothesis. In brief, evidence of sensitization was not obtained from these tests but the possibility was not ex-918 Proceedings ofthe RoyalSociety ofMedicine 32 cluded by. them. The possible presence of antigen, near foci, for instance, was not excluded.
Summarizing the results of the animal.experiknents: it has not been possible to prove that wensitization occurred but the overall results suggest this in the guinea-pig. CONCLUSION Focal adenitis (foci of lymphocytes and histiocytes and the parenchymal changes associated with them) occurred commonly and equally in human post-mortem submandibular, parotid and lacrimal glands, especially in those of women of over 45 years. It may be a focal form of Sjogren's syndrome and the latter has several of the features of an autoimmune disease.
From the animal experiments it was not, possible to prove that immunization occurred but the results suggest that this was achieved in the guinea-pig and indicate that, although more e.xpensive to breed and maintain, this animal rather than the rat should be used for subsequent attempts. For these, isolation and purification of the 'antigen' is desirable.
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